In the multicomponent reaction under Bucherer-Bergs conditions, construction of 5-(alk-3-enyl)-hydantoins starting from unsaturated carbonyl compounds, such as aldehydes, ketones and β-ketoesters, was made in good yields. Some of them were acetylated at N(1) position with acetanhydride. When α-allyl-β-ketoesters were used as substrate in the Bucherer-Bergs reaction an unexpected decarboxylation was observed. Decarboxylation was not observed only when 2-allyl-ethylacetoacetate was used for synthesis of hydantoin while in other cases fully decarboxylated products were obtained.
INTRODUCTION
Hydantoins (imidazolidine-2,4-diones) are important structural moiety found in several natural products and pharmacologically important compounds 1 . Hydantoins have a wide range of biological activities, such as anticonvulsant 2 , antitumor 3 , antiarrhytmic 4 and antiandrogenic 5 . Activity of hydantoin derivatives depends on the nature of substitution of hydantoin ring 6 . In spite of the different examples of biological actions, 5,5-disubstituted hydantoins are mainly considered as anticonvulsant agents 7 , the most notably being 5,5-diphenylhydantoin (Dilantin, Phenytoin). This compound was introduced in 1938, and despite significant toxic and teratological effects, is still a broadly used anticonvulsant for treatment of epilepsy. 5,5-Dimethyl-3-[4-nitro-3-(trifluoromethyl)phenyl]hydantoin 8 is a pure antiandrogen that inhibits the testicular steroidogenic pathway, apparently acting by forming complexes with the cytoplasmic hormone receptors that are unable to undergo translocation into nuclei, thus blocking most of the biological response of the target cell to androgens 9 . It has been proposed for a combined treatment with a potent LHRH (luteinizing hormone -releasing hormone) agonist to block androgen formation, as the hormonal therapy of choice in prostatic carcinoma 10 .
Hydantoins are important precursors in organic synthesis of natural and nonnatural amino acids, via acid-, base-or enzyme-catalyzed hydrolysis. The most commonly used reaction for the synthesis of hydantoins is Bucherer-Bergs synthesis 11 starting from aldehydes or ketones. This multicomponent reaction is not stereoselective resulting in formation of racemic mixture of hydantoins, if the prochiral ketone was used as a substrate.
Other methods for preparation of hydantoins include reaction of amino amides with triphosgene 12 , carbodiimides with α,β-unsaturated carboxylic acids 13 and treatment of nitriles with organometallic reagents followed by addition of potassium cyanide and ammonium carbonate 14, 15 .
[a025]
Considering that 5-substituted hydantoins exhibit significant biological activities, in this paper we present the synthesis of novel 5-alkenyl hydantoins which also could be suitable for further functionalization.
RESULTS AND DISCUSSION
In the multicomponent reaction under Bucherer-Bergs conditions, construction of 5-(alk-3-enyl)-hydantoins, starting from unsaturated aldehydes, ketones and α-allyl-β-ketoesters, was made in good yields (Scheme 1). 
Scheme 1. Bucherer-Bergs synthesis of 5-alkenyl hydantoins
This reaction with trans-4-hexenal results in formation of hydantoin 2a with retention of double bond configuration. Unsaturated ketone 1b was converted to already known hydantoin 2b which was acetylated by reflux reaction in acetanhydride into corresponding N(1)-acetyl derivative 3 in good yield (Scheme 2).
Scheme 2. N(1)-Acetylation of 5-alkenyl hydantoin 2b
Synthesis of 5-alkenyl hydantoins from β-ketoesters was performed in two steps. First step was α-alkylation of β-ketoesters with allyl chloride in anhydrous ethanol, in the presence of sodium ethoxide as a base. In the next step α-allyl-β-ketoesters were used as the substrates in Bucherer-Bergs reaction. Forming of 2-(4-alkyl-2,5-dioxo-imidazolidin-4-yl)-pent-4-enoic acid ethyl esters 2c (Scheme1) as the resulting products was expected. However, only in the case of 2-allyl-ethylacetoacetate this product was obtained. In the cases where 1d and 1e were used as substrates unexpected fully decarboxylated products were observed (Scheme 3). Obviously, decarboxylation occurs after addition of HCl during the work up process. 
Bucherer-Bergs synthesis of hydantoins (2a-e)
To a 100 cm 3 round bottom flask equipped with reflux condenser 10 mmol substrate (1a-e), 0.98 g NaCN (20 mmol) and 3.84 g (40 mmol) (NH 4 ) 2 CO 3 were added to the solution of 50 cm 3 of 50% aqueous EtOH. The reaction mixture was stirred and heated to reflux at 50-65 o C for 8-24 h. The reaction mixture was then cooled to ambient temperature and filtered. The pH was adjusted to ~2 by carefully adding conc. HCl. The filtrate was placed in a refrigerator for better crystallization of the products. In some cases filtrates were first evaporated under reduced pressure and after that returned to the refrigerator to crystallize. The crude material was recrystallized from appropriate solvent. 
CONCLUSION
In summary, synthesis of series 5-(alk-3-enyl)-hydantoins with unsaturated aldehydes, ketones and α-allyl-β-ketoesters Bucherer-Bergs reaction conditions were described. Some of hydantoins were N(1)-acetylated in good yield, by using acetanhydride. Bucherer-Bergs reaction with α-allyl-β-ketoesters (not only with α-allyl-β-ethylacetoacetate) results in formation of unexpected fully decarboxylated products. These compounds are potential biologically active compounds. They can also be used in the synthesis of bicyclic hydantoins and nonnatural α-amino acids.
